will immediately increase analgesia and the signs disappear. It is better not to wait for these signs but to vary the rate of infusion according to the different surgical stimulations.
The only disadvantage of ketamine anesthesia is the relatively slow emergence, but this was never a real problem to recovery-room nursing personnel. Post-operative shivering, cyanosis, inadequate peripheral perfusion were not seen if all other contributing factors were corrected.
The same technique has been widely employed in geriatric orthopedic anesthesia. In the literature concerning ketamine the two major contraindications are hypertension and cardiac decompensation. It is well known that in the geriatric age group these -tw& conditions are common and would definitely contraindicate the use of ketamine. We believe that the hypertension and tachycardia can be markedly decreased with droperidol premedication. The limit of the hypertension is around 180 mmHg systolic. It is interesting to note that the greater the initial hypertension the smaller the rise in blood pressure following the initial injection of ketamine. The subsequent single or continuous drip doses never altered either blood pressure or pulse rate, provided they were given before the analgesic effect of the previous dose had worn off. One can combine ketamine with halothane or nitrous oxide instead of using an oxygen-air mixture. With nitrous oxide, of course, one can slightly diminish the amount of ketamine required and it is widely used in this way. But halothane certainly would not contribute to the safety of the technique. The only gain, the smaller dose of ketamine used, would be counterbalanced by the pharmacological effects, sometimes undesirable, of the other agent. In hypovolbmic, or in elderly dehydrated orthopedic patielnts, it certainly would not add to the safety of anesthesia.
The use of a longer-lasting curarizing agent (non-depolarizing) is compatible with ketamine. We do not recommend gallamine (Flaxedil) because of its known excessive vagolytic property. The use of pancuronium bromide (Pavulon) might slightly enhance the hypertension and tachycardia, but up to now it has not been a problem and it has been used extensively. The much criticized postoperative period in nonalcoholic patients was uneventful provided patients were undisturbed. We recommend that patients are kept in the recovery room until they can orientate themselves in space and time. Nausea and vomiting have not been observed. One has to realize that full recovery with ability to focus the eyes takes 1-2 hours, and that in a few cases diplopia lasts as long as 4 hours.
The unpopularity of spinal, and to a lesser degree of epidural, analgesia was mainly due to fear of lumbar puncture based upon the patient's recollection of a previous unpleasant experience. Therefore one sometimes has to use a supplementary agent. In many instances the injudicious use of a supplementary agent was a direct cause of the ensuing cardiovascular collapse or respiratory failure. In spite of the dangers involved, several, mostly intravenous, agents are used. Ketamine was tried and found not only to be satisfactory, but also to have the fewest complicating sideeffects. The protective reflexes, as well as muscle tone, are fully maintained with the small doses (1-2 mg/kg) given intravenously. It is an important feature of the drug, since the lateral decubitus position favours laryngeal obstruction in patients having, for instance, an injection of a barbiturate. Present clinical experience proves the superiority of ketamine compared to other well-accepted and perhaps better understood intravenous agents.
Contraindications
Contraindications are: a history of cerebrovascular accident, or of intracranial, intrathoracic or intra-abdominal aneurysm; cardiac decompensation, acute or chronic; epilepsy, although there are opinions to the contrary in these cases; in cases of acute and chronic alcoholism because of the much greater dosage requirement and the unpleasant, agitated and prolonged recovery period. Hypertension is not an absolute contraindication, but each case should be considered individually.
To conclude, we believe that many anesthetic problems have been solved and made easy by the introduction of ketamine. It is far from being the ideal agent, but, if it is used judiciously and its unusual effects accepted with an open mind, it will find a place in our ever-increasing list of useful drugs.
Professor John W Dundee (Queen's University, Belfast)
As an author of one of the early papers which was critical of the use of ketamine, I must stress again that the incidence and severity of side-effects with this drug are too high to recommend it as a routine induction agent. This applies particularly to its use in adults, especially in the absence of depressant premedication, and for minor surgery (Knox et al. 1970) . Our continuing experience in adults has failed to show any relationship between blood pressure rise and the rate of injection. Bovill et al. (1971) reported a comparable degree of hypertension when 2 mg/kg was injected over 40-60 seconds and when it was given over 5-7 minutes. An expected finding was an increased elevation in pressure when ketamine was combined with pancuronium, since this relaxant may have a cardiovascular stimulant action. Alloferin appears to minimize the blood pressure rise. We have also found more dreams and hallucinations in women than in men. Droperidol (5 mg) given intravenously at the end of surgery will reduce emergence delirium, while the same dose of diazepam will minimize psychotic reactions. Opiate-hyoscine premedication is very effective in minimizing both the pressure rise and unpleasant sequelk .
In view of its unique properties, emphasis must be placed on the specific indications for ketamine. Everyone is agreed that it is most useful in children and for repeated anesthetics. Experience with cardiac catheterization has been universally favourable. The initial dose of 10 mg/kg given intramuscularly followed by 1 mg/kg intravenously as required is very satisfactory, producing only a transient fall in oxygen tension and avoiding the need for inhalational agents. Blood pressure rise is less than in normal subjects. This does not appear to interfere with diagnostic procedure.
The use of ketamine in obstetrics is proving most interesting, although many more cases require observation before its final place can be evaluated. It must be avoided in eclamptic and hypertensive patients. As an induction agent in Casarean section it has proved most satisfactory. The babies have all breathed well and there have been no psychotic sequele. As the sole agent in forceps delivery, manual removal of placenta or similar procedures, it may prove even more useful. Sequele are minimal, blood loss is not increased, and it is followed by a prolonged period of analgesia when suturing, &c., can be carried out in the conscious patient.
Dr P J Horsey (Southampton) asked Professor Dundee if he recommended ketamine for use in babies and small children undergoing EEG, and if 10 mg/kg would be a suitable dose.
Professor Dundee replied that he had used it for this purpose and that it had been satisfactory.
Lieutenant-Colonel T R Austin (Military Hospital, Tidworth) said that he was especially interested in the speakers' comments on the use of ketamine together with muscle relaxants, intubation and IPPV using air or oxygen-enriched air. It was, of course, a method which would recommend itself for military or mass casualty use. He asked the speakers how they judged when an incremental dose of ketamine was necessary when the patient was paralysed, bearing in mind that the usual indication for more ketamine in the non-paralysed subject was movement.
Professor J B Dillon replied that he gave more of the drug when he saw rise in blood pressure and increase in heart rate.
Dr G Szappanyos said that he looked for three signs: tears, a slight rise in blood pressure and an increase in pulse rate. Dr S M Laird (St Lawrence Hospital, Chepstow) said that they had been using ketamine as an anmsthetic for burns surgery for the past eight months in over 100 operations. The great advantage of ketamine in burns surgery was that its cardiovascular stimulant action protected the patient from possible hypotension as his position was changed on the operating table during a skingrafting procedure. Also, the surgeon was not hindered by anasthetic tubing when operating on the head and neck.
At the Welsh Plastic Surgery and Burns Unit they used an 01 % intravenous infusion of ketamine in adults and older children, with an initial dose of 2 mg/kg body weight. Younger children were anasthetized by intermittent intramuscular injection, with an initial dose of 4 mg/kg. The most important adverse reaction had been unpleasant emergence in adults. This complication had not occurred in children. It was well known that many patients dreamed while anaesthetized, but the dreams experienced following anasthesia with ketamine were often so unpleasant that the patients said they would rather not have the drug again. Dr Laird felt that the importance of this reaction must not be minimized, but that anaesthetists should seek to abolish it by premedication and postoperative sedation so that this valuable drug did not fall into disuse.
Random movements had also occurred in adults, particularly in epileptic patients. These movements could be controlled by administration of 50 % nitrous oxide and oxygen.
Dr Laird and his colleagues also used ketamine as an anasthetic for removal of sutures following repair of hare lip and cleft palate. Conventional anaesthesia was rarelyjustifiable for this procedure and sedation was usually inadequate. Ketamine anaesthesia had proved so successful in this application that the surgeons had modified their technique by using nonabsorbable sutures in the floor of the nose and inside the mouthsituations where they had previously used catgut.
